Summary Partially hydrolyzed guar gum (PHGG) has a number of properties associated with dietary fiber. PHGG ingestion results in not only an increase in defecting frequency and softer stools in persons with constipation but also significantly improvement of diarrhea in patient with gastrointestinal intolerance. The lowering of fecal pH by intake of PHGG resulted in the growth of Lactobacillus spp. and Bifidobacterium spp., intestinal flora good for human health. Improvement of balance of intestinal microflora resulted in prevention from infection and colonization of Salmonella enteritidis. Further the ingestion of PHGG promoted absorption of mineral and lowered serum cholesterol and triglycerides in the rat and serum cholesterol in human by improving lipid metabolism without reduction of protein utilization. In addition, PHGG significantly reduced the level of plasma glucose, and thereby improved acute postprandial plasma glucose and insulin response. All these observations suggest that the PHGG is prospective one of dietary fiber with various biological functions.
Introduction
Dietary fibers, especially soluble fibers with high molecular weight, have several biological actions, including effect on slowing down of absorption of toxic substance in intestine, appetite suppression, attenuation of the plasma glucose and insulin response, lowering of plasma cholesterol level [1] , slowing of the gut transit time with delaying digestion and macronutrients, bulking on the colon, anti-diarrhea nutrition support of colonocytes and colonic barrier function. They also could prevent the atrophy of small intestinal villi generated by long-term supplementation of liquid food [2] .
Guar gum obtained from endosperm portion of Cyamoposis tetragonolobus is a galactomannan and considered as an excellent source for dietary fiber, because it can efficiently reduce the serum lipid and cholesterol level in healthy volunteers [3, 4] , and hypercholesterolemic and hyperlipidemic subjects [5, 6] . In addition, it has been very well known that guar gum improves glucose tolerance and prevents from diarrhea. Partially hydrolyzed guar gum (PHGG) produced by enzymatic hydrolysis using β-endo-mannanase has not only significant lower viscosity and molecular weight than intact guar gum but also similar biological action such as lowering of LDL cholesterol, lowering of blood glucose level, decrement of pancreatic enzyme activities, increment of fecal output, lowering of blood pressure, reducing of body weights, shortening of transit times in the gastrointestinal tract and inhibition of protein absorption. In this article, we reviewed the several biological functions of partially hydrolyzed guar gum (PHGG, product name: Sunfiber ® , produced by Taiyo Kagaku Co. Ltd., Japan).
Effect of PHGG and Its Metabolites on Normalization of Physiological Condition Favor to Intestinal Microflora
Many papers have reported on the influence of guar gum on intestinal bacteria and enzymes in the human colon. It has been found that guar gum passes through digestion by mammalian intestinal enzymes (α-glucosidase, sucrase and maltase) but it is readily broken down to low molecular weight galactomannan in the large intestine by extracellular and membrane-bound glycolytic enzymes of the intestinal microflora and then used by intestinal bacteria as a carbon source [7, 8] . It has also been clear that partial hydrolysis by bacterial endo-β-mannanase represents the first step in the metabolism of ingested guar gum. The reaction products are galactomannans of shorter chain length similar to those in PHGG. The in vitro studies on fermentation of PHGG and guar gum have been investigated in several studies [9, 10] . These studies reported that several species of anaerobic bacteria isolated from human colon fermented some polysaccharides and consistently demonstrated that galactomannan was readily fermented by the fecal microflora [11] .
The effects of PHGG on fecal microflora, bacterial metabolites and pH were investigated using nine healthy human volunteers administered 3 times a day with dose of 7 g/ volunteer/day for 14 days [12] . The count of Bifidobacterium spp. and percentage of these species in the total count were significantly increased during the PHGG intake period. Among the acid-forming bacteria, Lactobacillus spp. also increased. It is well known that lactic-acid-forming bacteria have beneficial effects on human health by amino acid production, aiding defense activity against infection [13] , pathogen inhibition [14] , and immunopotentiation [15] . The pH, content of bacterial metabolites (ex, ammonia) in fecal and β-glucuronidase activity were significantly decreased during PHGG intake period. These effects might be attributed to PHGG in human colon being consecutively degraded by certain bacteria for the degraded products to favor the growth of bifidobacteria and lactobacilli. The lowering of pH level induced the vigorous growth of bifidobacteria and lactobacilli in the intestine [16] , resulted in improvement of intestinal condition by reducing formation of harmful bacterial metabolites [17] , and reduced the ammonia content and β-glucuronidase activity [18, 19] . Two weeks after the end of PHGG intake, the bacterial counts and their biological manifestations appeared to return to the former state. Another study suggested that PHGG prevented the formation of hard feces by, perhaps, inducing of adequate growth of several bacteria, and stimulated mucosa in small intestine by promoted the growth of mucosal cells with keeping its structure and enzyme activities [2] . All these observations suggest that the PHGG and/or its metabolites degraded by intestine microflora may contribute to normalization of physiological conditions favor to microflora in the colon, and thus can lead to moderation of constipation.
Beneficial Effects of PHGG on Gastrointestinal Distress
The consumption of some kinds of dietary fibers at recommended levels is generally not associated with any significant risk for human health. However, it has been well known that the ingestion of non-absorptive and fermentable carbohydrates with excessive amounts may cause laxation and gastrointestinal distress. Information on the tolerance of PHGG or guar gum is available from numerous clinical trials in which the beneficial effects on lipid and carbohydrate metabolism were investigated [20, 21] . It has also been known that diarrhea induced by long-term consumption of a liquid diet was associated with the reduction in absorptive capacity and absorptive area due to the loss of brush border enzymes and mucosal cells [22] . The effects of two liquid diets with or without PHGG on intestinal function and microflora of rats were investigated [2] . Male Wistar rats, allocated into five groups: standard rats chow (MF), low-residue diets (LRD) and elemental diet (ED) with or without 1.5% PHGG at the dose of 60-70 kcal daily for 2 weeks. The atrophy of terminal ileum villi was detected in LRD and ED groups. Supplementation with PHGG, however, improved the observed atrophy of terminal ileum (p<0.05). The specific activity of diamine oxidase and alkaline phosphatase in mucosal scrapings was significantly lower in ileum of rats in LRD and ED groups than those in MF group. Those activities of rats supplemented with PHGG, however, significantly increased. Addition of PHGG to liquid diet suggested to improvement of the gastrointestinal tolerance and bowel control in long-term enterally fed patients.
PHGG Demonstrates Preclusive Effect Against Diarrhea Through by Prolongation of the Colonic Transit Time and by Prevention of the Formation of Liquid in the Stools
Gastrointestinal side effect, particularly diarrhea, is generally recognized as one of the most common complications associated with tube feeding after clinical practice in which diarrhea is attributed to infectious processes, antibiotic medication, protein energy malnutrition, patient-related causes such as stress and surgical procedures, and bacterial gut contamination [23] . It adds problems in patients care, disturbs fluid and electrolyte balance, and worsens the nutritional status. Therefore, diarrhea is considered as one of the main reasons for discontinuation of enteral nutrition. Its consequences are serious, and include infectious and skin care problems, loss of electrolytes, water and nutrients, and increase costs [24] .
In human, dietary fiber is mainly degraded in the large intestine by bacterial flora, in which short-chain fatty acids (SCFAs) are liberated [25] . The SCFAs are absorbed by colon [26] , which is associated with stimulation of sodium transport from the colon in several species including humans [27] . This effect may be particularly important in acute diarrheal diseases in colon and cause colonic dysfunction [28] . Luminal SCFAs levels in the colon may therefore influence the clinical course of acute diarrheal diseases. The fiber fermented to SCFAs by colonic bacteria was used for reducing diarrhea by adding with various forms to tubefeeding formulas, in which the action mechanism of fibers with regard to gastrointestinal effects seems highly dependent on the physical and chemical characteristics of the fibers themselves. It had reported that the children receiving either green plantain or pectin had significantly less stool output and duration of diarrhea [29] . However, soluble fiber such as guar gum has limiting factor to use in enteral formulas because its addition at physiologically effective concentrations results in the liquid products with high viscosity, thus its use in tube feeding is prevented. However, the advancement of technology on fiber and formula now made possible to addition of PHGG to enteral nutrition. It should be immediate concern to reveal whether PHGG would retain the beneficial physiological properties of guar gum and could safely be administered to patients in the form of clinical nutrition products. It was investigated whether surgical and medical patients enterally fed a formula diet enriched with PHGG showed much less diarrhea compared with patients given a standard formula without PHGG. Randomized and prospective double blind trial with 100 patients assessed the effects of feeding a standard diet vs the same diet supplemented with 20 g PHGG/l/day [30] . The results indicated that the occurrence of diarrhea under conditions of total enteral feeding or supplemental enteral feeding was significantly reduced when soluble PHGG was added to the enteral formula in a substantial amount (2% wt/v) ( Fig. 1) . It was also reported that PHGG prolonged colon transit time [31] , by which the hydrolyzed form of guar gum offered the potential to reduce diarrhea and to positively influence the osmotic balance in the colon through increased fermentation by anaerobic bacteria that yield SCFA [32] . The effects of a standardized normal diet and two liquid formula diets with and without supplementation of PHGG (21 g/l) on orocecal transit time, colonic transit time, bowel movements, and stool consistency were studied in 12 healthy male volunteers [31] , in which the diets were consumed in a randomized order, each one for 7 days. The addition of PHGG did not affect orocecal transit time. Colonic transit time, however, was significantly prolonged (55 h) with PHGG supplementation compared with the liquid diet (39 h) and the self-selected diet (30 h) . No effect of PHGG on large bowel function was seen and no complaints about gastrointestinal side effects were received. Though stool frequency and consistency were not different between the groups with and without PHGG, neither diarrhea nor constipation was observed in the group with PHGG. PHGG was also well tolerated when given to eight healthy men with beverage formula after each meal for a period of 4 weeks [33] . None of the healthy volunteers complained diarrhea or unacceptable gastrointestinal symptoms. Alam et al. [34] reported that PHGG added to standard WHO ORS (World Health Organization Oral Rehydration Solution) substantially reduced the duration of diarrhea and modestly reduced stool output in acute noncholera diarrhea in young children, and Spapen et al. [35] suggested that total enteral nutrition supplemented with PHGG was beneficial in reducing the incidence of diarrhea in tube-fed full-resuscitated and mechanically ventilated septic patients. Although the underlying mechanism of action of PHGG in reducing the incidence of diarrhea in enteral nutrition is not entirely clear, two effects are considered as of major importance. First, the soluble fiber significantly prolongs the colonic transit time, which is apparently correlated with basally increased cholecystokinin concentration. Second, PHGG seems to be fermented by colonic bacteria to SCFAs in a way that increases the luminal concentration and absorption of SCFA in the colon, which promotes the absorption of sodium and water by the colonocytes [36] ; and, in turn, leads to a decreased fluidity in the lumen and may prevent the formation of liquid in the stools [37] . In conclusion, PHGG is potential candidate for a new antidiarrheal therapy for acute diarrhea. 
PHGG Improves the Constipation Condition with Increasing the Defecation Frequency
Constipation defined as a symptom of hard feces causes difficulty of output due to delayed fecal transit time [38] . Constipation occurs when there is no fecal output for 3 or 4 days and followed by a pain. It is also one of the first symptoms to be classified as a fiber deficiency disorder and frequently found in chronic care patients who are fed exclusively on enteral formula. Dietary fiber has been considered to be an effective to regulate fecal transit time by reducing both constipation and diarrhea, therefore it improves defecation by fecal bulking, consistency and increasing of intestinal motility [39] . It has been reported that intake of 20 g of guar gum a day increases the fecal weight of healthy volunteers by 20% [25] . However, intake of 11.4 g guar gum a day resulted in no increase in the fecal output [4] . The effect of fiber intake on fecal bulk was reported to relate not only with the water-holding capacity of the surviving residue, but also to stimulation of bacterial growth [40] . As regards to effect of PHGG on fecal bulking, it was found that the fecal output was increased up to 42% when 36 g of PHGG per day was administered to healthy volunteers [33] , and significantly increased in rats fed diets with 2.5 and 5% PHGG. The influence of PHGG on constipation was investigated on women who commonly felt considerable discomfort before movements, suffered abdominal pain and their fecal output occurred on an average of 2.8 times per week [41] . In the experiment, 11 g of PHGG per day was administered as a beverage formula to fifteen constipated women for 2 and 3 weeks, and then defecating frequency, pH, weight, moisture and bacterial flora of the feces were investigated during the entire experiment periods. The defecating frequency during one day increased from 0.46 ± 0.05 to 0.66 ± 0.05 (Fig. 2) as well as fecal moisture was significantly increased from 69.1% to 73.8%. Fecal moisture content was increased consistently with lowering the pH of feces (r = −0.478). The frequency of Lactobacillus spp. occurrence in feces was also significantly increased by the ingestion of PHGG compared with the control period. These results indicate that SCFAs might be produced by fermentation of PHGG and lowered the fecal pH [42] , and then low pH in the large intestine leaded to the stimulation on growth of Lactobacillus spp. [43] . Therefore, the observed increase in fecal moisture at a low pH may be due to the growth of Lactobacillus spp. In another study, fecal output was also increased in human volunteers ingesting PHGG both at a dose of 36 g/day for 4 weeks [44] and 12 g/100 ml beverage/day for 12 weeks [33] . A clinical study has also showed that PHGG was effective in preventing constipation by increasing bulking capacity in the institutionalized elderly women and men who took laxatives on a regular basis. The results of those studies concluded that PHGG should be considered in place of laxatives for elderly women and men who found traditional fiber supplements unpalatable, or for people who needed fiber added to their tube-feeding formula [45] . As a result, it can be concluded that administration of PHGG contributes to soft feces, thus increasing the defecation frequency, and restoring the balance of intestinal microflora, and results in improvement of diarrhea and constipation condition.
PHGG and/or Its Metabolites Improve the Efficacy of Iron Utilization in Patients Suffering from Iron Deficiency
The maintenance of iron homeostasis and prevention of iron deficiency anemia require controlled absorption of iron to balance uncontrolled body losses. Iron deficiency anemia occurs as a result of blood loss, urinary iron loss with intravascular hemolysis, pregnancy, inadequate dietary intake or malabsorption of iron [46] . It has been known that sorbitol [47] , bile [48] and those substances increase iron absorption in the small intestine in man [49] . It was reported that guar gum interfered the absorption of Zn, Cr, Cu and Co but not of Fe and Ca, in a rat experiment [50] , of which mechanism is still unknown but may be explained by a high adhesive effect of high viscous guar gum [51] .
When the effect of PHGG on iron absorption and utilization was investigated in growing rats fed several iron-deficient diets, it was demonstrated that PHGG and its metabolites increased the bioavailability of ferrous iron [52] . The ferrous iron concentrations of hemoglobin and serum in rats of the groups fed diets supplemented with PHGG were at similar Fig. 2 . Effect of PHGG on defecation of each week in constipated women [41] . PHGG was administered as beverage (11 g a day) to 15 females suffering from constipation for 3 weeks, and then defecation frequency per a day was investigated. Each datum represents average of values from all women. The significance between mean was determined by the student t-test (*p<0.05.) levels to those of the rats fed an iron-sufficient diet. The storage of iron in liver and spleen of the rats fed PHGG was greater than that of the rats grown on an iron-deficient control diet. Those facts indicate that the change in the level of iron component of blood is not due to iron stored in spleen or liver but due to change in ability of iron utilization in the diet. Administration of PHGG also caused the increment of iron adsorption on intestinal villi in an iron balance experiment for 3 days, which was likely that the addition of PHGG into liquid diets had reduced shrinkage of ileum villi in rat intestine [53] .
As result, PHGG and/or its metabolites might be effective to improve the efficacy of utilization of ferrous iron in the subjects suffering from iron deficiency as a result from blood loss with menses, urinary iron loss with intravascular hemolysis, pregnancy, inadequate dietary intake or malabsorption of iron. In another study, it was reported that PHGG promoted absorption of calcium and magnesium in rat [54] (Fig. 3) . The result also showed that calcium absorption in five-sixths nephrectomized (NPX) rats was considerably lower than that in normal rats in the PHGG-free groups, but the absorption in PHGG-fed NPX rats was slightly lower than that in normal PHGG-fed rats, and that the caecum was responsible for these increases in calcium absorption and a considerable amount of calcium was absorbed from the large intestine in PHGG-fed rats. They, therefore, suggested that nephrectomy does not influence the absorption of calcium in the large intestine induced by PHGG feeding and the increase in the caeco-colonic absorption compensates the decreasing proximal intestinal calcium transport associated with nephrectomy. The increment of mineral absorption associated with PHGG feeding may be attributed to gut acidification resulting from caecal fermentation of dietary fiber, which consequently elevated the level of ionic calcium in the large intestine.
PHGG is Effective in Decreasing Body Fat and Energy Deposition without Reduction of Protein Utilization
Dietary fibers such as pectin and guar gum are known to affect the digestibility and absorption of several nutrients including protein and lipid. Amount of dietary fiber indigested has been demonstrated increment of secretion of faecal nitrogen as well as decrement of digestibility of dietary protein and protein utilization in both animal and human [55] . It has been reported that guar gum decreases the utilization efficacy of protein [56] and lipid [6] , which may be explained by the high viscosity of guar gum dissolved in water which results in a slower gastric emptying [57] , interfering with the digestion of food and absorption of nutrients. In study fed the diets containing intact guar gum and varying amount of PHGG (5 and 10%) to growing rats for 3 weeks, food consumption was almost similar to that of the control rats except that the rats fed guar gum gradually declined [58] . The value for digestible and metabolizable energy and efficiency of energy utilization declined in the rats fed the experimental diets but protein utilization remained unchanged. The results suggest that PHGG is effective in decreasing body fat and energy deposition without reduction of protein utilization.
PHGG Leads to Lowering Effect of Cholesterol and Triglyceride Level in Serum by Stimulating the Production of Short-chain Fatty Acids
Improvement of lipid metabolism such as cholesterol and triglyceride believed as a key risk factor to the prevention and treatment of heart disease and arteriosclerosis has been Fig. 3 . Enhancement of mineral absorption by PHGG [54] . The PHGG (50 g/kg diet) was added to a test diet containing 3.0 g mineral/kg diet at the expense of whole diet and then administered to 6 rats. A, Ca absorption and B, Mg absorption. The mineral absorption (%) was calculated as follows; Ca (Mg) absorption (%) = 100 × (total Ca (Mg) intake -faecal Ca (Mg) excretion)/total Ca (Mg) intake. Each datum line represents average ± SEM of values of 6 rats (*p0.05).
thought effective in preventing and treating some kinds of adult metabolic diseases. For this purpose, dietary fiber had drawn considerable attention to improve lipid metabolism [59] . It has been well demonstrated that various kinds of water-soluble dietary fiber improve lipid and carbohydrate metabolism [60, 61] , and show potent hypocholesterolemic effects in experimental animals and in humans [39] . There were reports that guar gum diets significantly reduced serum cholesterol (low-density lipoprotein, LDL) level in normal and hyperlipidemic subjects [4] , while maintained highdensity lipoprotein (HDL) cholesterol level [62] . Also, guar gum and some other gel forming dietary fibers have been demonstrated to lower the hypolipidemic and blood cholesterol level in a feeding study with rats and in a study with healthy volunteers [63, 64] . There was a consensus that the high polymeric structure was a prerequisite for these non-absorbable carbohydrates to exert a potent cholesterollowering effect [65] . However, it has been reported that fructooligosaccharide, a mixture of nonabsorbable oligosaccharides consisting of less than 5 sugar units, could reduce the serum cholesterol in diabetic subjects [66] . PHGG was also effective in reducing serum triacylglycerol as well as cholesterol levels in the rats fed high-fat diets employing lard or palm oil as diet fat [1] , in which total lipids and cholesterol were increased in the rat feces but decreased in the rat liver. Yamatoya et al. [67] reported that intake of PHGG significantly reduced the concentration of serum cholesterol and free fatty acid as well as serum triglyceride and phospholipid. In human volunteer study, total serum cholesterol was reduced by the daily administration of 3 serves of each 12 g of PHGG a day while other serum lipid parameters remained unaffected [33] (Fig. 4) . These studies led a suggestion that levels of cholesterol and triglyceride in both serum and liver were dose-dependently decreased, thereby PHGG might be applied for a hypocholesterolemic agent. The effectiveness on cholesterolemia might be explained that PHGG entraps the bile acids in the small intestine by interruption of the entero-hepatic circulation of bile salts and increases their fecal excretion, which accelerates cholesterol oxidation to bile acids, resulting in a spillover of the body cholesterol pool, due to fecal losses of steroids. Bacterial fermentation of dietary fiber in the large intestine leads to the production of SCFAs mainly acetic acid, propionic acid and butyric acid. Some gases such as hydrogen, carbon dioxide and methane are also produced to a lesser extent [68] . It has been demonstrated that the SCFAs, propionic acid and butyric acid were significantly produced by colonic microflora in the presence of oligosaccharide and hydrolyzed guar gum [69] , and that the plasma cholesterol lowering effects of soluble fiber might be related to the propionic acid and other microbial metabolites produced in the gut [70] . The SCFAs are known to be rapidly absorbed by the colonic mucosa stimulating the mucosal blood flow, epithelial proliferation of large intestine, mucus secretion and absorption of water, Na, Ca and Mg from the large intestine as well as peristalsis, thus aiding with homeostasis and bowel function [71] . Rat experiment fed PHGG with dose of 5% and 10% showed the 2-3 times higher content of FCFAs compared with that of control rats in cecum, which study also demonstrated that PHGG significantly produced the highest levels of total SCFAs in comparison with other materials such as glucose, fructooligosaccharide, inulin, hydrolyzed inulin and cullulose [69] (Fig. 5) . From these results, PHGG might improve lipid metabolism and lead to lower the cholesterol and triglyceride levels in serum.
PHGG Improve the Acute Post-prandial Plasma Glucose and Insulin Response in the Study on Glucose Tolerance in Non-insulin-dependent Diabetic Patients
Hospitalized patients often require nutritional supplementation for maintenance of adequate nutrition [72] , which, however, often causes hyperglycemia in glucose intolerant and diabetic patients. Therefore, it is considered as most difficult point in blood glucose management. Soluble dietary fibers such as guar gum and pectin have been demonstrated effective in the treatment of post-prandial glycemia in both normal and diabetic subjects, often coupled with a reduced need for insulin secretion [73] . Considering these physiological benefits, it appears logical to enrich liquid enteral formulas with soluble fiber to create products suitable for diabetic and glucose intolerant patients requiring supplementation. However, addition of soluble fiber to liquid products with physiologically effective concentrations causes a substantial increase viscosity and prevents easy oral consumption or application by gastrostomy tube. Thus, the use of PHGG makes possible to decrease the viscosity in comparison with intact guar gum and allows the production of liquid products suitable for oral supplementation or application via gastrostomay tube. The effect of liquid supplement containing PHGG on post-prandial glucose and insulin excursions in 6 non-insulin-dependent diabetic (NIDDM) patients was reported, of which result demonstrated that the enteral formula diet containing PHGG resulted in significant improvements of acute post-prandial glucose and insulin response [74] (Fig. 6) . When glucose tolerance in NIDDM was examined both in rats and human volunteers, enteral liquid meal containing PHGG, demonstrated significant improvements in lowering plasma glucose and insulin response [75] [76] [77] , of which effect was not likely exclusively mediated through viscosity increases resulting in delayed gastric emptying [74] . In another study, effects of PHGG on elevation of blood glucose and on insulin secretion after sucrose intake were investigated using healthy human volunteers. When 30 g sucrose was taken, the peak of blood glucose and insulin levels was recognized at 30 min after ingestion. When 5 g of PHGG was taken simultaneously with 30 g sucrose, blood glucose level at 60 min after ingestion was significantly lower (p<0.05) than that of sucrose alone. Serum insulin level was also lower than that of the control [77] . These data show that viscosity of PHGG is greatly lower than that of intact guar gum, but the reduction effect of blood glucose level after sucrose intake was remained. Therefore, acute glucose lowering effect of guar gum is not solely explained by delayed gastric emptying in the delivery of viscous material from the stomach into the small bowel [61, 78] . PHGG showed the significant improvement of acute post-prandial plasma glucose and insulin response in the study on glucose tolerance in non-insulin-dependent diabetic patients.
PHGG Contributes to Improvement of Balance of Intestinal Microflora by Preventing from the Infection and Colonization of Salmonella enteritidis (SE)
Serious contamination by Salmonella spp. both in and on eggs has been reported in Europe, US [79] and Japan [80] . The infection of SE in poultry is one of the most serious problems in the poultry industry because of related outbreaks of food poisoning [81, 82] . It has been reported that some kinds of carbohydrates, yeast and especially the mannose residue are effective in preventing the Salmonella Fig. 5 .
Production of total short-chain fatty acids (SCFAs) as the main by-products of dietary fiber and oligosaccharide microbial fermentation [69] . The 0.5 g of each material was hydrated and then inoculated with the faecal homogenate. After fermentation for 24 h at 37°C in water bath, SCFAs concentration of aliquots was measured. The effects of different commercial oligosaccharides and fiber substitutes on SCFA production as compared with the control glucose and among substrates were determined using analysis variance (NOVA) followed by the Scheffe F-test of significance using StatView 1.02 software (SE + Graphics, Abacus Concepts, Inc.). A p value of <0.05 was considered to indicate a significant difference between the test fibers and the control. Each datum line represents average of values ± SEM of 8 persons.
spp. colonization [83, 84] . The preventive effect of PHGG on the colonization of SE was investigated in SE-infected young and laying hens fed orally the supplement containing 0.025, 0.05, and 0.1% PHGG. The incidence of SE in organs and agglutinating antibody titer to SE in serum were decreased by the administration of PHGG to young hens, while the excretion of SE to feces was increased. The experiment demonstrated significant increment of Bifidobacterium spp. and Lactobacillus spp., the most numerous useful intestinal bacteria in the cecum of young hen, and supplementation with 0.025% PHGG was the most effective. The effect of the excretion of SE via feces was also observed in an experiment using laying hens. The incidence of SE in the surface of the egg shell, egg white and egg yolk was decreased when the feed of laying hens was supplemented with 0.025% PHGG. These results suggest that the administration of feed supplement with PHGG can prevent the colonization of SE in young and laying hens, which, in turn, might be related to improvement in the balance of intestinal microflora, as observed in rat and human. Fig. 6 . Effect of PHGG on glucose tolerance in non-insulindependent diabetic patients [74] . The levels of glucose (A) and insulin (B) in plasma were investigated in 6 noninsulin-dependent diabetic patients. The levels of glucose and insulin in plasma were determined after 4 h following consumption of 430 ml of FST, or 500 ml of FF or FFG. FST, sucrose containing standard enteral formula diet (a fiber-free); FF, fructose containing enteral formula diet (a fiber-free); FFG, FF with the addition of 20 g PHGG per liter. Each datum represents average of values ± SEM of 6 persons. The significance between mean values was determined by the Wilcoxon signedrank test (*p<0.05).
